by David Firestone* Chick edema disease first came to the attention of the Food and Drug Administration in December, 1957, when it was learned that millions of broilers died in the eastern and midwestern parts of the United States. Several groups in industry and government quickly determined that the disease was due to toxic components in certain feed fats (1) (2) (3) , and that toxicity was associated with the unsaponiflable portion of the fat.
Characteristic symptoms included the presence of excessive fluid in the heart sac and in the abdominal cavity of chicks fed toxic fat (2, 4, 5) . These and other symptoms such as subcutaneous edema and liver necrosis were accompanied by high mortality beginning approximately in the third week. Allen (6, 7) suggested several years later that the accumulation of large quantities of extravascular fluid in chickens might be due to altered permeability of the vascular bed as well as cardiac decompensation and liver necrosis.
Developments Prior to Chemical Identification of the Toxic Factors
Initial outbreaks of the disease in 1957 occurred at a time of increased demands by feed manufacturers for low-cost fats to raise the caloric level of diets for food animals. Investigations by the Food and Drug Administration in 1958 soon demonstrated that chick edema disease was caused by toxic material in by-product fatty acids ob- tained from production of oleic and stearic acids added to certain lots of feed-grade fats. Further investigation showed that toxic material was also present in various distillates and still residues obtained from several fatty acid producers who prepared commercial oleic and stearic acids from inedible tallow (8) . The most toxic samples were batch still distillates obtained after repeated distillation of tallow fatty acids. The general scheme used for production of commercial fatty acids is shown in Figure 1 (8) , but it could not be determined whether these samples were inherently toxic or were made toxic by cross contamination in the plant with toxic tallows or toxic tallow acids. Now that it was demonstrated that chick edema disease was caused by toxic substances present in the feed, the possibility existed that edible chicken flesh might contain these toxic materials. The unsaponifiables isolated from the carcasses of chickens fed toxic fat were fed to chicks at various levels (0.025-1.0%o) in a test ration (2) . Symptoms of edema disease were observed at all levels fed. The unsaponiflables from normal control chickens, fed to chicks at 0.5%o of the diet produced no abnormal symptoms in test checks. Similarly, the presence of toxic factor was demonstrated in the meat of hogs that had been fed toxic fat (9) .
The presence of toxic factor in commercial still distillates and residues prompted the examination of oleic acids and stearic acids collected in 1959 from food manufacturing plants. Oleic acids from several plants showed varying degrees of chick edema toxicity (8) . In addition, oleic acid derivatives such as triolein and glyceryl monooleate were found to be toxic. Ames et al. (10) also found chick edema factor in a number of oleic acids and glyceryl monooleates. No toxicity was found in commercial stearic acids. At this stage, the identity of the toxic factors was unknown, but evidence clearly indicated that they were chlorinated aromatic compounds (11) .
Since chick edema factor was found in food grade oleic acid and derivatives, the Food and Drug Administration issued a Food Additive Regulation in 1960 for fatty acids (12) specifying that they be free of chick edema factor in accordance with a 8-week chick feeding bioassay. The need for a rapid screening test was met by development of a microcoulometric gas chromatographic method (13) involving cleanup of isolated unsaponifiables by adsorption chromatography on activated alumina prior to gas chromatographic analysis. Portions of a reference toxic fat obtained in 1958 were made available as positive standards.
The availability of methodology assisted in bringing the chick edema disease under control after another outbreak in the Southeast in 1960 . Although the structures of the substances causing the disease were yet to be determined, the typical pattern of gas chromatographic peaks with long retention times versus aldrin (Fig. 2) Subsequently, electron capture-gas chromatographic procedures were developed (14) (15) (16) (17) which were approximately 2000 times more sensitive than the microcoulometric methods and could detect less than 10 ppb of chick edema factors in lipid samples. Electron-capture gas chromatography also provided increased resolution so that additional peaks with characteristic retention times could be observed in extracts from toxic fats (see Fig. 3 ). In addition, a bioassay test with increased sensitivity was developed (18, 19) using fertile chick eggs. Injection of chick edema factors resulted in decreased hatch and development of embryonic deformities and edema (19 
Identity of the Chick Edema Factors
Chromatographic behavior and ultraviolet absorption spectra of toxic fractions indicated initially (2) that the toxic factors were substituted aromatic compounds, perhaps substituted naphthalenes or phenanthrenes or aromatic steroids. A major breakthrough on the arduous road to identifying the structure of chick edema factors occurred in 1960 when Harmon et al. (11, 20) isolated crystalline material from a toxic fat and determined that it was an aromatic substance containing 47%o chlorine (M. Tishler, Merck and Co., private communication). A similar crystalline material which was chick edema-active at 0.1 ppm in the diet was isolated from a sample of commercial triolein found to be toxic to Cebus monkeys (20 
tetrachlorodioxin was the most toxic. Hexachlorodioxins were about one fifth as toxic and 2,7-di-and octachlorodioxins were the least toxic.
Pentachlorophenol and other chlorophenols have been widely used as bactericides, slimicides, defoliants, and termite control agents in industry and agriculture. They are also used in the manufacture of food-packaging materials (Subpart E, Title 21 of the Code of Federal Regulations (21 CFR), Part 121 § 121.2001) and as components of articles that contact food (Subpart F, 21 CFR, §121.2500). A list of food additive uses of 2,4,5-trichloro-and pentachlorophenol is given in Table 1 . Because of their widespread use, a variety of commercial chlorophenols were examined for the presence of individual dioxins and related compounds (27) Nonacidic material isolated from the chlorophenols was chromatographed on alumina, and fractions were examined by combined gas chromatography-mass spectrometry. A variety of polychlorodibenzofurans (furans) and polychlorodiphenyl ethers (ethers) was found in the chlorophenols in addition to dioxins. Up to 6.2 ppm 2,3,7,8-tetrachlorodioxin was found in six samples of 2,4,5-trichlorophenol, and up to 39 ppm hexachlorodioxins was found in eight samples of pentachlorophenol. In addition, chloromethoxyfurans and chloromethoxyethers were found in 2,4,5-trichlorophenol, and chlorohydroxybiphenyls were found in pentachlorophenol.
Chlorodioxins, furans, and ethers found in commercial pentachlorophenols are indicated in Table 2 . Combined gas chromatography-mass spectrometry (GC-MS) was used to detect mixtures of these compounds which were unresolved by GLC. Characteristic mass spectral peaks for a dioxin, a furan, and an ether are shown in Table 3 . The Environmental Health Perspectives 
Probable Source of Chick Edema Factors
Reports in early 1960's indicated that pentachlorophenol was widely used as a preservative in hide stripping operations, and might be present in the by-product tallows (fleshing greases) recovered from hides. A number of papers in leather trades periodicals (28-30) described the use of trichloroand pentachlorophenol as preservatives for hide curing operations. A major domestic manufacturer of chlorophenols recommends the use of the sodium salts of 2,4,5-trichlorophenol or pentachlorophenol for a variety of hide preservation and hide treatment operations as well as for general plant sanitizing procedures (31) . Pretanning operations include trimming, brining (or salt curing) of the hides, followed by soaking, liming, bating (neutralization with buffering salts and treatment with a proteolytic enzyme), and pickling (32) . The sodium salt of pentachlorophenol is recommended for use in salt curing, brining, soaking and pickling operations, and the sodium salt of 2,4,5-trichlorophenol is recommended for use in soaking operations (31) . By-product fats are obtained after trimming, soaking and liming treatments (32) so that the use of chlorophenols as preservatives during processing can result in contamination of the hide greases with chlorophenols.
Contaminated hide greases may have been the source of the chick edema outbreaks of 1957 and 1960. Accordingly, three commercial oleic acids examined earlier for chick edema factor were reexamined for the presence of chlorophenols (33) . Two of the samples that were previously found to be positive for chick edema factor were also found to be contaminated with 2,3,4,6-tetrachlorophenol and pentachlorophenol. The third sample contained a trace of pentachlorophenol.
Finally, Metcalfe (34) presented concrete evidence that the source of chick edema factor was fleshing grease from hides that had been treated with commercial pentachlorophenol. He examined samples of fleshing grease from pentachlorophenol-treated hides as well as industrial tallows containing glue emulsion with added pentachlorophenol. Chlorophenol-containing glue emulsions have been used in dry rendering operations. A fleshing grease sample was found to be extremely toxic when tested for chick edema factor (chick feeding bioassay) at the 16% level (34) . A gas chromatogram of chlorodioxins isolated from this fleshing grease is shown in Figure 4 Electron-capture gas chromatogram (34) of dioxins extracted from a toxic fleshing grease. The numbers above the peaks refer to the number of halogen atoms in the individual dioxin molecules.
GLC peaks refer to the number of halogen atoms in the individual dioxins.) The Division of Chemistry and Physics, Food and Drug Administration, assisted with analysis of the sample. The presence of tetra-, penta-, hexa-, hepta-, and octachlorodioxins was confirmed by combined GC-MS. Penta-and hexachlorodioxins comprised 70%So of the total dioxins found. The widespread use of chlorophenols as hide preservatives prior to the middle 1960's is the probable cause of the earlier outbreaks of chick edema disease. The use of chlorophenol-containing glue emulsions for dry rendering is another possible source of toxic tallows. In 1970, a survey was made of a selected number of tallow processors and fatty acid producers. Ten of 45 samples of tallow and oleic acid were found to contain up to 77 ppb of dioxins (hexa-, hepta-, and octachlorodioxins). Four non-food-grade oleic acids contained 11 to 77 ppb of dioxins, and one food-grade oleic acid contained 59 ppb of dioxins. Fleshing grease from two hide processors contained low levels (5 and 11 ppb of dioxins), indicating that the use of chlorophenols for hide processing has not been entirely discontinued.
In early 1969, an outbreak of chick edema diseas? in North Carolina resulted in the death or destruction of some 300,000 chickens. An additional million birds were involved in further outbreaks in the next several weeks. The cause was traced to the use of contaminated vegetable oil by-product fatty acids in the feed.
Investigation by the Food and Drug Administration disclosed that the feed fat became contaminated at a vegetable oil refinery which also formulated antimicrobial water treatment products containing various chlorophenols. An underground pipe line was found leading from the "pesticide" product plant to traps used to collect by-product fatty acids (acidified soapstock) from the vegetable oil refinery. This pipe line unintentionally transferred "pesticide" plant wash water to the traps holding acidified soapstock, resulting in contamination of the acidified soapstock intended for sale as feed fats. The possibility of further contamination was eliminated by removal of the "pesticide" operation from the refinery site.
Prevention of Dioxin Contamination of Foods and Feeds
Since commercial chlorophenols are widely used as termite control and antimicrobial agents, there are numerous opportunities for direct and indirect contamination of food and food fats. Dioxin contamination of fats and fatty acids destined for use in foods or feeds can be minimized by control of sources of direct contamination with chlorophenols.
These sources include the use of tri-and pentachlorophenol for hide preservation and other pretanning operations and in glue emulsions for dry rendering of fats. Care must also be taken in the use of chlorophenols industrially (as antimicrobials) or on the farm (as wood preservatives for fences, barns, etc.).
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